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I. SUMMARY

The Re-Entry System Department of the General Electric Company
has been under contract to the National Aeronautics and Space Administration
since May 8, 1961, for the design and fabrication of a two-stage test turbine
suitable for operation in saturated potassium vapor at 1600°F. The test
turbine consists of stages three and four of a five-stage 500 KW turbine
and is to have a design flow capacity of 2. 8 pounds per second. The present
sixteen-month phase of the contract covers assembly, test, and evaluation

for the turbine and associated components.

The main objectives of this program are to study the effects of
vapor wetness on performance, to study impingement damage and washing
erosion with different blade materials, to study the phenomena of super-
saturation and droplet formation, to establish the values of the polytropic
exponent of potassiurm vapor as an improvement over General Electric's
calculated Mollier diagrams, and finally, to establish accurate fluid flow
design methods for potassium turbines operating in the wet vapor region.
In addition an objective was to demonstrate interstage condensate extrac-
tion in steam. The test turbine runs on oil lubricated bearings. The
test program anticipates 200 hours of performance testing, 1, 000 hours
endurance testing under design conditions at 19, 200 rpm, and 1000 hours

endurance testing under aggravated erosive conditions at 23, 000 rpm.



The present report covers progress during the quarter ending

May 8, 1964. The main events of this reporting period are:

Fluid Dynamic Testing

Turbine potassium test preparations during the quarter included

the completion of the performance test plan including tolerances on test

control variables, the check out of all data handling and reducing procedures

and the completion of procedures for potassium performance prediction..

During the past quarter, evaluation of the converging-diverging
nozzle data in potassium continued. The overall polytropic exponents
between inlet and the throat were improved, resulting in trends with vapor
quality which will be used in performance prediction and data evaluation.
The potassium vapor mass flow values as measured with the facility
electromagnetic flowmeter were composed with the critical mass flow
values calculated from the average polytropic exponents. The variation

in average polytropic exponent along the nozzle was also computed.

Mechanical Design and Testing

During the quarter the turbine, less the nozzle diaphragms and

casing, was run up and then assembled for test. The assembly required

welding of the casing and the bearing housing flanges in a carefully controlled

Yy
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process which was developed with an experimental casing. Before welding
the turbine into the facility, it was clamped in place and run up again to
demonstrate that welding had not distorted the casing causing a rub. Next
the turbine was welded into the facility and all final preparations for testing
were completed. Turbine tare losses to establish the bearing and seal
losses on the turbine shaft were carried out with the hydrodynamic seal
operative. A scheduled shut down was carried out after this test. Attempts
to restart the turbine failed because lube oil had entered the potassium seal

loop. The quarter ended with the initiation of parallel programs to establish

the cause of the oil leak. One program involved a modification of a shaft

seal and the other, model testing in air and water.

3000 KW Facility

During the early part of this quarter, a General Electric Company
sub-contractor completed all modifications and additions to the 3000 KW
facility. The turbine bearing housing and support and the rotating parts of
the turbine were installed and turbine auxiliary systems were checked and
modified as required. The turbine was removed and reinstalled in the

facility with the casing welded together. A rotating test to 17,000 rpm

established that the casing had not distorted during welding. Then the

»e

turbine inlet and exit piping was welded into the facility. Hot flushing and

hot trapping in the facility followed. A torque tare test on the turbine
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resulted in small amounts of oil and potassium entering the slinger seal

loop and lube system, respectively. The two affected subsystems were

opened and cleaned. The facility is ready to proceed with testing.

Materials Support

The U-700 buckets for both stages of the turbine utilized during
pretesting with air and steam were examined both metallographically and
by hardness survey. The results of the examination revealed that all but
three buckets are metallurgically suitable for further testing in potassium
vapor and they are being held in reserve for endurance testing. The three

rejected buckets can be replaced by available spares.

Subsequent to the leakage of lube oil into the slinger seal loop, an
investigation was made to compare the degree of reaction of several lubricating
oils with potassium as a function of temperature. The present oil, Mobil
Oil Company, DTE 797, a mineral oil, was included and no reason for

changing to a different oil was found.

Forecast
In Figure 1, the program schedule, the current turbine program

status and future work to be completed is delineated.

In the fluid dynamics, the predicted performance of the two-stage
turbine in terms of performance parameters corrected to design conditions

will be completed for all data points in the test plan. Using the air-water

-4
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test data presented herein, analyses of the two-stage turbine seal will be

carried out in an effort to identify the cause of the lube oil leak.

In mechanical design the turbine will be reassembled and run
without the hydrodynamic seal being operative in a parallel attempt to
establish the reason for the oil leak. In addition, procurement efforts will

continue on the second set of hardware.

-5~



II. FLUID DYNAMIC TESTING

During the last quarter the effort was divided between turbine
potassium performance test preparations and converging-diverging

nozzle data evaluation.

Turbine Test Preparation

In Table I, the scanning sequence for the digital data handling
system which permanently records turbine performance data during
testing and the performance instrumentation is presented with all 40
efflux pressures along with 49 other instrumentation readings which will
be recorded during each digital data scan. Figures 2, 3, and 4 show the
location of the turbine performance instrumentation. Several instrumentation
readings will be recorded more than once during each scan in order to
obtain average values of important variables. These variables are reference
pressure, which periodically measures Station #l total pressure throughout

a digital data scan, speed, main electromagnetic flowmeter reading and

temperature, spray electromagnetic flowmeter reading and temperature,

test turbine and starter turbine torques, and condenser vapor static pressure,

Condenser liquid level which was previously to be read several times
during a digital data scan in order to correct main electromagnetic flowmeter

reading was deleted because the application of this correction to the converging-




diverging nozzle data increased data scatter. Investigation of the condenser
liquid level measuring system revealed thatthe time response of this
instrument is so slow that the digital data scan reads a value that does not
correspond to the remainder of the data taken. Although deleted from the
digital data scanning sequence, condenser liquid level will remain on a
Sanborn recorder channel for the purpose of controlling the test. This
control will be exercised by specifying that the liquid level be held constant

for sufficient time to allow for the time response prior to taking data.

Four important variables to be used as parameters on plots of
turbine performance are turbine inlet temperature, turbine total-to-static
pressure ratio, inlet vapor quality and corrected speed. In order to reduce
the apparent data scatter, these quantities must be held to close tolerances
during testing. As a result, tolerances have been established for the test

control variables and made part ot the test plan.

The turbine inlet temperature tolerance will be J_f 59F for 1600,
15500, and 1450°F inlet temperature. In the event this tolerance cannot
be held for 1450°F, which converging-diverging (C-D) nozzle tests in
pot:;.ssium indicated, the inlet temperature level will be increased until
this tolerance can be held. The inlet temperature will establish an inlet

total pressure., The tolerance on pressure ratio varies from t 4.5t0 5.0

percent, permitting bounding values of turbine exit pressure to be calculated

-T=



in the control room. The tolerance on turbine rotative speed has been
established at i' 200 rpm. Instead of specifying the tolerance on spray
flowrate, which depends upon turbine vapor flow, electromagnetic flowmeter
temperatures and spray liquid temperature for a given vapor quality, the
spray flow will be determined using a prepared chart which incorporates

compensations for these variables.

The above tolerances were established after giving consideration
to the readability of the Sanborn recorders on which the control variables
will be recorded, tolerances that could be held for the C-D nozzle tests
and, in the case of speed, the tolerance that could be held in the steam
pre-tests. In addition, consideration was given to the effect that errors
in the four control variables would have on the value of efficiency. The
observance of the tolerances delineated above will assure minimum data
scatter due to variables that are to be used as plotting parameters deviating

from the nominal values.

In Table II, the new test points are presented with tolerances on
the control variables included. Testing will begin at 1450°F inlet temperature
or increased until the "_' 50F tolerance can be held instead of 1400°F as

specified in the previous test plan since the boiler was found to be somewhat

unstable at 1400°F and 1450°F. The new test point schedule also includes

a reduced number of low-quality points for inlet temperatures of 1450°F and

-8-
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1550°F and no moisture extraction testing. Changes have also been made
in the test values of rotative speed such that the following values of percent

corrected speed can be obtained: 80, 90, 95, 100, 110, 120.

During the performance testing of the two-stage turbine in potassium,
data will be recorded by means of the digital data handling system. This
system records the 151 required bits of performance data from various
sensors throughout the turbine and facility on a punched tape. Two means
are provided for converting punched tape to digital computer input, namely
a tape-to-card converter and the GE 225 computer which produces either
punched cards or magnetic tape. Data reduction is to be accomplished on

a specially prepared data reduction program,

This data reduction program accomplishes two specific tasks,
namely, conversion of raw data to engineering units and the calculation of
various performance parameters defined on page 14, The program is com-
posed of 12 subroutines to facilitate program changes brought to light by
use. It utilizes Battelle Memorial Institute (BMI) thermodynamic properties

of potassium and incorporates calibration curves for the various instruments.

The data reduction procedure includes some time and space averages
during each digital data scan along with some error detection methods to

insure reliable data. Turbine inlet total pressure and temperature, inlet



total reference pressure, turbine rotative speed, water brake torque,
starter turbine torque, main electromagnetic flowmeter reading and
temperature, spray liquid electromagnetic flowmeter reading and temperature,
and station 8 static pressure are reading more than once during each digital
data scan and averaged. KError detection methods are incorporated in the
program to reject erroneous data among various values to be averaged.
Turbine inlet total average pressure, average reference total pressure,

and the exit total pressure group average are compared with each individual
respective group value. If each value is not within t 7.0 psia of the average
value, it is rejected and not included in the next averaging process which
similarily rejects values within J_r 2.0 psia before a final average is taken,
For turbine inlet and exit, spray flowmeter, main flowmeter, and injector
temperatares, a similar averaging process as used for inlet pressure
averages is incorporated with ¥ 30°F and T 10°F limits on respective

temperature values before the final average is taken.

In the calculation procedure, Station #1 average total pressure is
compared with the reference total pressure which is read periodically
during each digital scan. I the reference pressure average is withint
4.0 psia of the Station #1 average total pressure, it will be used to define

the inlet pressure. If the average reference total pressure is not within
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the 4.0 psia limit then the Station #1 average total pressure is used. This
method will insure the deletion of reference pressure in the event it becomes

plugged during testing.

Station #1 quality is determined from the inlet throttling calorimeter
and is needed to accurately define turbine inlet conditions before liquid
injection. The calorimeter temperature and pressure and the BMI superheated
potassium properties permit Station #1 quality to be determined. However,
if the condenser pressure is too high, the calorimeter will not give super-
heated conditions, as it should, because the calorimeter is vented to the
condenser. In this event, an average inlet quality of . 9925 obtained from
the C-D nozzle tests in potassium is used. In order to determine which
method is used to determine Station #1 quality, the calorimeter temperature
is compared with the saturation temperature corresponding to the calorimeter
pressure, If the calorimeter temperature is greater than the saturation
temperature by 5. 0°F, the inlet quality is calculated and if it is less than
5. 09F, the inlet quality is established as . 9925, and Station #1 enthalpy is

calculated using this quality.

Liquid injection rate and main flow rate are determined from the
manufacturer flowmeter calibration curves which are included in the program,
The calibration curves yield a gpm/mv value which can be converted to

PPS since average flowmeter flow temperature, which defines liquid

-11-



density, and average flowmeter millivolt readings are known.

Since main and liquid injection flow, and liquid injection temper-
ature are known, the turbine inlet enthalpy is found from a heat balance.

(Symbols are listed in the Appendix.A)..

+
Woily ¥ Wik, (1)

le + Wv

m3

1

The turbine inlet quality is then found using BMI potassium properties

as follows:

X - Pzt hg (2)
t3 —

fgl
The turbine specific work is calculated from the averaging torgue
reading plus the tare torque which is available in the program in the form of a

table as a function of turbine speed. The turbine work is found as follows:

act  (720) W (3)

where average output torque and turbine flow are defined as

T = T +T_+T (4)
s m t
\ = W +W -W (5)
t m s C
~-12-




The ideal enthalpy drop, needed for turbine efficiency, is determined
from BMI "wet' properties. The efficiency, either total to total or total

to static, is based on total turbine flow and is calculated as follows:

. hact (6)

h

ideal

The preogram then procedes to calculate corrected parameters, namely
flow, spesed, specific work, and power referenced to design inlet conditions

of 1600°F, 92 percent quality and 19, 200 rpm.

The corrected parameters are utilized for potassium vapor and
based on dynamic similarity. It is assumed for dynamic similarity that
the velocity diagrams normalized by the critical velocity of sound based on
turbine inlet conditions correctly accounts for Mach number effect on losses

and flow. The critical velocity of sound for a non-perfect gas is given by

= 2 gh v, (7)
S+ 1

]
]

cr

For a perfect gas eguation {7) becomes:

a. . = 12+ gRT, (8)

S

+1
The substitution of equation (7) for equation {(8) in Heaton et al* results in

the following corrected parameters:

*Heaton, Thomas R.; Slivka, William R.; and Westra, Leonard F.: Cold-Air
Irvestigation of a Turbine with Nontwisted Rotor Blades Suitable for Air Cooling.
NACA RM ER2A25, 1952.
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Flow parameter:

1/2

W, LX+ 1) J tXJ actual (9)

1/2

KX* 1> / ] reference

=
H

Speed parameter:

i [X+1 Ptvt:\ 1/2
NC = N ¥ actual (10)

1/2
V -
t] reference

Specific work parameter:

[X + 1/P v]
Ahc = Ahact X t'tlactual (11)

/Ptv t] reference

—
<
X1+

Horsepower parameter:

HP_, = 1.415 Ah W, {12)
Kilowatt parameter:
KW_ = 1.0555Ah W (13)

Values of polytropic exponent used in the corrected parameters

were determined from the converging-diverging nozzle tests in potassium.

Although no consistent correlation could be made with the experimental

and BMI saturated polytropic exponents, a definite decreasing trend in

polytropic exponent with vapor quality was noted. Using an average trend,
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the inlet to throat average polytropic exponent for an inlet vapor quality,
X, is found from equation (14) using a BMI saturated vapor polytropic
exponent, . based on inlet total temperature.

X = Xs——x.xs(l-X) (14)
The value -1.13 was found from the converging-diverging nozzle potassium

test data.

The program céntinues by calculating individual stage hub and
tip values of reaction and stage work split. Since the turbine inlet and
exit total and static conditions are known (quality and enthalpy found from
static and total pressures) and assﬁming a straight expansion line from inlet
static and inlet total to exit statié and exit total conditions respectively, the
various interstage static enthalpies and qualities at hub and tip can be
determined using geometric relationships and the static pressure values.
The reaction at the hub of each stage is obtained from:

RX, = 1 - "m3~DPgs (15)

1
hm3 - hs/S

-h”
RX. = 1- 257 "6 (16)

-h 7
ht5 hs?

and the specific work for each stage is:

L\,hl = hrn3 - ht5 (17)
h = h _ -h
2 t5 t7 (18)
-15-



In order to obtain predicted performance for the two-stage potassium
test turbine, an available combustion gas-turbine off-design computer
program is being utilized. This program was modified slightly so as to
incorporate reversion from supersaturated flow to equilibrium flow after
each stage. Through the use cf this program estimated turbine off-design
performance will be obtaired for all test conditions in the test plan. The
results of this program are used as input for two other digital computer
programs to obtain predicted values of torque, flow, efficiency, and the

corrected parameters.

In the first program, turbire torque output and flow are determined.
Turbine work is corrected for droplet drag losses which are determined
by assuming that the moisture entering the stage must be accelerated te
wheel speed upon entering the rotor. The calculation procedure used to

determine droplet drag losses and turbine output torque are as fellows:

2
. (1-X,) U % (1-X,) U
Abh, = ' p1 # 2" p2 (19)
gJ gJd
720 T W ~ :
Q = t X Ah + X Ah_ -4k {20)
t TR 1 1 2572 d

The second program is used to calculate efficiency corrected
for droplet drag and tke corrected parameters mentioned above. These

parameters are obtained from equations 9, 10, 11, 12, and 13 and constitute

-16-




correction to design inlet conditions, namely, 1600°F and 92 percent

vapor quality. The velocity ratio based on wet properties is also deter-

mined by this program.

Converging-Diverging Nozzle Data Evaluation

During the past quarter, evaluation of the converging-diverging
(C-D) nozzle data has continued. The average values of polytropic exponent,
n, reported in the February 8 Quarterly Report have been revised. The

values of n reported therein were calculated from

n

2 ’ n-1
n+1!

H

/e,

\ t/ th

and required the use of the measured throat position to determine the

(21)

throat pressure ratio from the pressure readings at taps on both sides of
the throat (taps 12 and 13). Since the previously reported values of n were
as much as 9.5 percent greater than the theoretical superheated value of
the polytropic exponent at the saturation conditions, * an improvement in
n was sought by improving the estimate of the throat critical pressure ratio
from the experimental values of pressure ratio at the adjacent taps upstream
and downstream of the throat.

The procedure for finding the critical pressure ratio was to deter-

mine the following parameters:

* Appendix Quarterly Number 10 - NAS 5-1143, November 8, 1963

-17-



Py
Pt 12

P, } Py
Pt 12 Pt 13

(where P and P, are static and total pressures from taps 12, 13 and the

(22)

throat) by iteration from supersaturated* properties of potassium vapor

for temperatures of 1450, 1500, and 1580°F. The results are shown below.

Temperature, °F _C
1450 .733
1500 . 7325
1580 .731

Average . 732

Since the variation of C with temperature was slight, the average value

was used and the critical pressure ratio was found from the following

Ps) = Py - C Ps> - (Ps) (23)

using the experimental values of pressure ratio for the taps 12 and 13.

equation:

The experimental values of polytropic exponent calculated by the

* The supersaturated properties of potassium vapor were calculated from
equations of the Appendix of Quarterly Report Number 10 - NAS 5-1143,
November 8, 1963, using pressures higher than the saturated value,
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above procedure, are plotted against inlet quality in Figure 5. The data

has the same general trend as that previously reported. However, the
values of exponent found by extrapolating straight lines through the data

to the saturated vapor line are now 7.9, 4.3 and 3.4 percent greater than

the theoretical saturated value at the temperatures of 1450, 1500 and 1580°F,
respectively, compared to the 9.5, 8.0 and 5.0 percent values previously
reported. Therefore, the data is seen to be somewhat improved, but the

marked decrease in exponent with decrease in quality is still unexplainable,

In order to verify the potassium wapor mass flow as experimentally
measured by the electromagnetic flowmeters, the nozzle critical mass
flow was calculated by substituting the average polytropic exponent deter-

mined above into:

n+l
S ned ~ /2
W% = O ong _t n+l . N
v l 24 v, = T1 a— )7 A (24)

Although flows with quality values less than unity are being dealt
with, vy has been shown to be the dry vapor specific volume rather than

the wet value by comparisons with steam data on the same C-D nozzle.

The vapor specific volume, v_, is calculated from the measured

t

inlet total pressure and temperature substituted in the virial equation of
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state. Equation (24) results in vapor flow only. The total flow (vapor

and liquid) is found by dividing the vapor flow by the inlet vapor quality.

The inlet quality is determined as follows:

X - v (25)

In Figure 6, the critical mass flow calculated from Equation (24)
is plotted against inlet total pressure for the following values of nominal

inlet vapor quality: 99, 95, 90 and 85 percent.

In Figure 7 is presented the total nozzle flow obtained from the
sum of the main and spray electromagnetic flowmeters as a function of
inlet total pressure. Shown in Figure 8 are lines representing the data
of Figures 6 and 7 for each value of nominal quality. In general, the
curves indicate that the electromagnetic flowmeter values are within
approximately 3. 9 percent of the C-D nozzle critical flow at low pressure
(low vapor temperature) and high initial quality and within approximately
1.6 percent at high pressure (high vapor temperatures) and high initial
quality. For the lower initial qualities, the difference between EM flow-
meter flow and C-D nozzle critical flow increases for the low px‘*essures
and is as much as 16 percent for one case, but is generally only about 11

percent. For the high pressure data at the lower qualities, the difference

remains at below 1.5 percent.
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The polytropic exponent data presented above deals exclusively with
the average polytropic exponent from the inlet to the throat. Of interest in
turbine design and data evaluation is the variation of the polytropic exponent
along the length of the nozzle. In the C-D nozzle test, the polytropic
exponents are obtainea from the continuity equation which can be written

as follows:

1/2
- 2 ntl
7 P_ \n / \
Wof el =2 L() - Py T (26)
Ao {0 Pe AR \Ptl)

For the case of the pressure ratio between inlet and the throat (the critical
pressure ratio when the maximum flow passes through the C-D nozzle) the

following is true:

n

(Ps\z/z\ n-1 (27
W 27

When equation (27) is substituted into equation (26), the following results

1/2
n+tl /

W Yer _f 2\ ="l (28)
A% | P, 8 o +1 _

Equation (27) was used to determine the values of polytropic exponent
reported previously. The right hand side of equation (28) can be evaluated
using the value of polytropic exponent found from equation (27) and using
the experimental pressure ratio. The combining of equation (26) with (28)

results in the following:
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n+1 ntl 1/2

-~ — >,

n .
2
(j A*xdgn \ﬁ) (29)

where n is to be obtained and n is the value coming from equation {27). Shown

Sy

Py

ST

in Table III are both A for all taps and A% which were determined experimentally

in air. Ps/Pt is known experimentally for each pressure tap for a given
set C-D nozzle potassium test condition. Using iteration, the average
polytropic exponent between inlet and any tap may be determined from

equation (29).

Shown in Figure 9 is the variation of average inlet to throat polytropic
exponent from inlet to the several taps as a function of the measured
pressure ratio. These data are for a nominal inlet temperature of 1580°F,
the nominal condition where the least scatter was obtained. For clarity,
the number of the tap from which the data was obtained is shown. The low-
numbered taps are upstream of the throat and the high numbered values
are downstream of the throat. The throat is between taps 12 and 13, The
procedure breaks down for tap numbers lower than 10 because of random
scatter. Reference to Figure 9a, which is for nominal vapor quality of
99 percent, indicates a slight increase in polytropic exponent as the flow
proceeds through the nozzle. Certainly there is nothing to indicate reversion

until tap 15 (downstream of the throat) is reached at which time the pressure
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rises and the polytropic exponent decreases, However, the behavior of
pressure ratio and polytropic exponent downstream of tap 14 is similar

tc that to be expected if reversion occurred.

Shown in Figure 9b is data for a nominal vapor quality of 85 percent.
In contrast to the high-quality data (Figure 9a) for the low quality data, a
reduction in polytropic exponent is indicated from tap 10 on. However,
the same abrupt change in exponent is exhibited after tap 15, as is the
case for the high-quality data. A possible explanation of the behavior of
the low quality data in the region of taps 10 and 11 is that partial reversion

is taking place.

To facilitate further evaluation of the 187 runs on the converging-
diverging nozzle, the data (approximately 16 runs) for each nominal
condition was averaged. The results are shown in Table IV, Shown also

is the probable error computed as follows:

2 2 L 2
i oty vt Y, (30)
y z -1

y

P.E. = 0.6745

No measurements exceeded 5 times P, E,, therefore, all measurements were

retained in the averages.

Reference to the table indicates that for the temperatures and
flowrates the probable error rarely exceeded 1 percent. The maximum errors
for the pressure measurements were larger than for the temperatures and
flowrates.
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III, MECHANICAL DESIGN AND TESTING

The major effort during this quarterly reporting period involved
preparation and installation of the turbine into the potassium test facility,
and checking mechanical performance of the assembled test rig. Tare
loss tests were run on the turbine in the test facility, and additional testing
of the labyrinth seal was performed on the plexiglass model of the turbine

hydrodynamic seal in the hydraulics laboratory.

Pre-Potassium Test Turbine Check-Out

As indicated in the February 8 Quarterly Progress Report, the
turbine was installed in the potassium facility for dynamic check-out. The

casing and inlet duct were not welded on during this running, but insteacd,

the turbine was run to speed on the steam starter turbine to check out facility

instrumentation and control equipment, and system dynamics with other
facility equipment running. The installation is shown in Figure 10 and 11.

In Figure 11, the turbine can be seen in the glove box.

The turbine-dynamometer system had several modifications made
for this installation. The water flow-line connnections to the water brake
were modified to use flexible hoses to eliminate any water leaks. Also,
the air-mist lubrication system on the brake bearings was replaced with a

liquid lube system to eliminate the presence of oil mist in the test-cell
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atmosphere. Shaft seals were added to beth ends of the brake roter to
prevent oil leakage. All modifications te the brake worked satisfactorily

during check-out testing.

Checks were made of the Berkley speed readout, Sanborn reccrders,
multipoint recorder, vibratiorn readout instrumentation, and sensitivity
and reséonse of control valves. Linearity and operzbility of the terque
meters and adequacy of the torque measuring system were checked. Bearing
operating temperatures, vibrations, and flow requirements for this installation
were observed. This was the first assembly of the turbine test rig in the
potassium test facility (Building 318). The turbinre was driven, insmall
speed increments, to 17,500 rpm,. Beyond this speed, the steam turbine
could no longer accelerate the system because of high bucket windage power
consumption in the potassium turbine, In gereral, zll test equipment and

instrumentation furctioned without any serious faults.

After completion of the check-out running, the turbine was removed
from the facility for final assembly. An inspection showed that the labyrinth
seal in tke forward bearing housing kad rubk=d. A dimensicnal check revealed
that the labyrinth seal had been machined undersized. It was remachined to

the proper cleararce, and the turbine was reassembled.

Component Fabrication

As stated in the previous quarterly, it was decided tc incorporate
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welded flanges on the turbine casing.

It was further decided to replace all brazed instrumentation joints

with welded joints. From experience gained in heat transfer boiling

experiments, it was decided to place the sheathed, end-welded thermocouples

in wells rather than exposing them directly to alkali metal. The thermo-
couple wells usedwerel /8 inch tubing and can be seen installed in the outlet
guide vane and its casing in Figure 12. Shown in Figuresl3and 14 is the
casing after completion of welding and leak-checking of the pressure

instrumentatibn.

Shown in Figure 15is the inlet duct (bullet nose) after the flange

blanks were welded in place. Shown in Figure 16 is the same piece after

the machining of the B flanges and installation of new instrumentation tubing.

On all instrumentation for the casing and inlet duct, complete helium mass

spectrometer leak checking was carried out.

Experimental Casing

Before proceeding with the assembly of the turbine by welding an
experimental casing was welded. The original bolted casing was used for
the experiment, which helped to establish the welding sequence so that the

actual turbine could be welded with minimum and uniform distortion.

The scroll and the inlet duct were simulated, using low carbon
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steel discs 2.5 inches thick machined with the required rabbet and joints

designed for welding.

The components were held together with "C' clamps and internal
diameter measurements were taken during the welding of the experimental
casing toc determine the movement resulting from welding. The locations

of these measurements are shown in Figure 17.

The welding sequence is shown in Figure 1 8 and the inside diameter
measurements of the experimental casing before, during, and after welding
are shown in Table V. The internal diameters increased during welding
except at the horizontal flanges. After welding, the maximum diameteral
increase was 0.009 inches and the largest decreasewas 0. 005 inches. The
changes in dimensions from welding were within acceptable limits compat-

ible with turbine seal running clearances.

Welded Turbine Casing

The actual turbine casing was fabricated using the same assembly,
ta. cking, and welding sequence developed on the experimental casing. The
turbine was positioned with its axis vertical. The casing halves were fitted
together on the scroll rabbet and the inlet duct placed on top of the casing.
The horizortal flanges were clamped together and the casing clamped to

the scroll and the irnlet duct.
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The welded joint grooves were covered with glass tape to retain
the argon gas backing of the weld joints, The argon backup gas was fed
under the glass tape through a small diameter stainless steel tube. The

tape was removed locally as tacking and welding progressed.

The assembly was tack-welded in the vertical position after which
the clamps were removed. The turbine was then placed with the axis
horizontal to permit welding in the flat position. The turbine was rotated
as required during welding. Although it was not possible to nondestructively

inspect the welded joints, the welding was done by an experienced welder,

using procedures that are known to produce the highest possible weld quality.

During welding, the turbine shaft was manually rotated with no indication
of rubbing between the buckets and the rub seals. Shown in Figure 19 is

a photograph of the turbine after assembly.

Installation of Potassium Drain Manifold

A drain manifold was installed at the rear of the bearing housing
to collect potassium from six drain lines. The manifold was semi-circular
in shape to form a yoke around the housing with a drain line coming off at
its mid-point. The tubes emerging from the bearing housing were bent to
the required positions to meet the manifold and sections of tubes added,

where necessary. The connections were made in the required order to

accomplish the welding. No difficulties were encountered with the assembly.
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Leak Checking of the Turbine and Manifold

To insure that the turbine and manifold assembly was leak-tight,
the turbine was pressurized with helium and checked for gas leaks, using
a sniffer probe on a helium mass spectrometer. All inlet and exit entries
on the turbine were sealed. The rear seal on the turbine shaft was tightened.
The turbine was pressurized with helium to about 15 psi and all weld joints

were checked with the spectrometer sniffer.

A leak was detected at the weld joint between a potassium drain line
and the bearing housing. The leak was welded closed and the lines carefully
checked again. No leaks were detected in any of the weld joints on the

turbine.

The turbine assembly was clamped in position in the 3000 KW facility,

but instead of welding the turbine into the facility, it was closed with back-

off plates and clamps. The water brake, starter turbine and strain gage

torque meters were assembled to the turbine. Then, without attaching the
potassium sealant loop, the turbine was run to.16, 000 rpm. During this

test, air instead of argon was used in the labyrinth seal. This test demon-
strated that no rubs were being encountered between mating parts and that

the torque meters, starter turbine and main lube supply system were functioning

completely satisfactorily. In addition, the water brake which had been modified
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to incorporate liquid-jet rather than oil-mist lubricant worked very well.

Welding of the Turbine into the Facility

Following the.initial run-up, the turbine was connected to the facility.

The turbine was aligned in position with the 8 inch inlet pipe so that the
flanges to be welded together were parallel within ,002 inches. The 10
inch discharge line into the condenser was aligned with the turbine exhaust
scroll and flanges were clamped together. Due to the flexible joint in this
line, a very accurate alignment of the welding flanges was not required.
The 8 inch liquid metal spray nozzle section and pipe flange were inserted
and clamped in position. The 8 inch flange was welded to the inlet line
from the boiler. The joint between the turbine scroll and condenser line
W'a..s welded next. The spray nozzle section was removed and the argon gas
plug in the inlet 8 inch pipe removed. The spray nozzle section was placed
in position and welded to the 8 inch pipe flange. Then the nozzle section

was welded to the turbine inlet duct.

All flange welds were made with two passes that produced weld
joints of adequate cross section. The joints were not filled to minimize
distortion and stress on the turbine casing and scroll. The welds were
not X-ray inspected because the mating flange faces would obscure the

weld joint on the film.
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Finally, the 1l inch liquid metal injector line to the spray nozzle
was installed and the potassium slinger seal drain line from the manifold
was connected to the facility. These joints were X-ray inspected and
found to meet the welding specifications. After the completion of the
installation weldipg, the turbine loading and the start-up equipment was
assembled, maintaining an adequate axial clearance for the splined coupling
(. 060 inch to . 090 inch) and at the starter turbine shaft and Bytrex torque-

meter of about . 060 inch.

The concentricity of the test rig equipment with the turbine shaft
was checked at each component mounting flange, The maximum total run-

out was less than one mil (. 001) per one foot of the test rig length.

Shown in Figures 20 and 21 are photographs of the turbine after
being welded into the 3000 KW facility and thermal insulation applied.
Efflux systerﬁ demister capsules and efflux lines are clearly visible in

these figures. Lube and argon lines are visible in Figure 21,

Final Test Preparations

During the time the turbine was being welded intothe facility, the

water brake was fitted with new lube 0il seals and bearings. This equipment

wa.s then reinstalled on the turbine,

A special test was made of the starter turbine in the Hydraulics
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Laboratory. This turbine was run at low speed with varying lube oil flow.
The test confirmed that the turbine internal labyrinth seal and external
garter type shaft seal were sound and leak tight. This turbine was then

installed on the potassium turbine shaft.

During the installation of the water brake and starter turbine all

stack-up dimensions were measured and recorded.

Shown in Figures 22 and 23 is the turbine fully installed in the test

facility.

Turbine Tare Loss Test

Upon completion of the test rig installation, a mechanical check-out
run was made. The turbine was driven by the steam starter turbine while
all turbine bearings had a normal lube oil flow, The main potassium loop
was sealed off and argon was admitted to the turbine labyrinth seal, to

prevent the lube oil leakage into the potassium seal cavity.

The lube oil pressure, temperature and the flow readings indicated
that all test rig components were functioning well. The turbine pad bearing

temperature and the lube oil temperatures are shown on Figure 24,

Before proceeding with the potassium performance testing, it was

decided to make the turbinetare loss test. The main turbine was driven
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during this test by the steam starter turbine, and all bearings lubrication
system and seal argon loop were started as for normal turbine start-up

procedure, described in the turbine test plan.

At about 7000 rpm, the liquid potassium was admitted to the rotating
seal to establish a hydrodynamic seal between the seal argon cavity and
the turbine exhaust. The main potassium loop was sealed off for this test
and turbine housing and exhaust duct were pressurized with argon at 20
psia. The main loop argon pressure was gradually reduced during the test

to about 6 psia.

The readings of the starter turbine torque, bearings temperature
and the hydrodynamic seal flow and temperature were taken at several

argon pressure levels in the turbine main loop.

The tare loss torque readings of this test are shown in Figure 25.
During the tare torque test the steam turbine torquemeter was reading the

sum of following torque: values:

a) The potassium turbine bearings and seals
b) The potassium turbine rotor windage

c) The water brake bearings and seals

d) The water brake rotor windage

The turbine tare torque due to the high main loop pressure is shown to
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increase about 12 percent for a 100 percent change in the main loop pressure,
indicating very little of the tare loss is due to the test turbine blade and

disc windage.

Shown in Figure 26 is the comparison of the experimental and
theoretical power consumption of the hydrodynamic seal when using
potassium as the sealant. The power loss was determined from the
temperature rise and the liquid potassium flowrate through the seal.
Reference to Figure 26 indicates a close agreement between the calculated
and the test results, especially at the higher values of rotative speeds
shown. At these high speeds the heat transfer from the heated bearing
housing to the sealing fluid is at a lower rate due to the lower temperature

difference.

The two-stage turbine, water brake and the starter turbine bearing
temperatures were also recorded during the test. All bearing temperatures
were within the expected range and there were no significant deviations in
the test rig bearing performance characteristics from those previously
reported. The turbine pad bearing temperature readings are shown on

Figure 27 and the seal argoh inlet temperature on Figure 28.

The turbine test facility was shutdown after the completion of

this test.
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Seal Malfunction

Several attempts were made to restart the potassium test facility
for the turbine performance testing in potassium vapor, but without success.
The EM pump in the potassium hydrodynamic seal loop could not be started.
It was later discovered that lube oil had leaked into the liquid potassium of
the seal loop and reacted with it forming a black residue that blocked the
EM pump. Also, a certain amount of the potassium was found in the lube
0il system, which rendered the lube o0il pumps inoperative, The latter
complication is believed to have occurred during the attempt to re-start
the facility for potassium testing. Due to the difficulties, the test facility

was shutdown for inspection and repair.

Shown in Figure 29 is the assembly drawing of the two-stage turbine
with items germane to the discussion of the seal malfunction designated.
Since the bearing housing flange as well as the turbine casing flanges, were
welded, inspection had to be made by removal of the aft ball-thrust bearing.
This permitted removal of the pivoted-pad bearing and the oil slinger but
not the shaft nor the hydrodynamic seal. Inspection revealed particles of
solidified potassium in the pad bearing cavities which apparently caused

some damage to the bearing surface, requiring replating.

There are two possible means for the lube oil to enter the potassium
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seal loop, namely, along the shaft past the '""O" ring seal between the oil
slinger and the oil labyrinth and the oil and potassium labyrinth seals.

In order to determine whether oil could have passed through the labyrinth
seals at some operating condition, a test program on the model of the
turbine seal was initiated in the hydraulics laboratory. This series of
tests is described in the next section. In order to prevent the leakage

of oil along the shaft, a new nickel-plated stainless steel sealing ring was
designed and fabricated for installation in the region of the '""O" ring seal,
shown on Figure 32, marked (A). The location of the ring on the turbine
assembly is shown on Figure 29. This sealing ring required minor modi-

fications to the adjacent parts, as shown on Figure 30.

After the facility was cleaned and repaired, the turbine was
reassembled incorporating the seal ring modifications. At the end of
the quarter, preparations were being made to run the turbine without
establishing the hydrodynamic seal. The purpose of this test is to esta-
blish whether the leakage still occurs with the improved ring seal., If no
leakage occurs, the possibility of oil leaking through the labyrinth can be

excluded.

Hydrodynamic Seal Test

As stated above tests of the model of the two-stage turbine seal

were scheduled in the hydraulics laboratory to establish, whether at some
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operating condition 0il could have leaked across the oil and potassium
labyrinth seals and thus gotten into the potassium seal loop. The test
set-up is shown in Figure 31 and a sketch of the seal is shown in Figure 32.
In the sketch the pressures read are designed by a letter and numerals.

The clearances of the screw and labyrinth seals and the sizes and number
of the various pipes leading to and from seal cavities were the same as for
the actual hardware with two exceptions. One of four of the oil return pipes
(from P4 to P5) was utilized as a pressure lead and the close~gap seal

near P6 was similated by openings in a cap having approximately 80 percent
of the correct area. Air was introduced under pressure at P7 while Pl,

P5, P6, and P8 were atmospheric pressure throughout the tests unless
sealed off. Water was introduced at the potassium inlet for some tests and
both air and water were removed through the argon-potassium outlet manifold

for these tests.

Shown in Table VIis a summary of the air-water tests on the seal.
The ports that were closed for a specific test, the water flow rate and shaft
speed are tabulated. The objective of the tests was to measure the flow and
pressure drop along a single flow path for each test. The resistance across
which the pressure drop was measured is also tabulated in Table VIalong
with the figure in which the test results are given. (Figures 33, 34, 35, 36,

37, and 38).
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Present plans call for utilizing the test data presented above in an
analysis of the two-stage turbine seal both with and without the hydrodynamic
seal operative. In this analysis appropriate corrections will be made for

slight area differences, temperature levels, and different fluids,

Back-Up Turbine Hardware for Potassium Testing

Of the several turbine components which have been ordered as
replacement parts for the second and third turbine build-up, the status is

as follows:

Component Anticipated . Turbine
Delivery Date Build-Up Set No.
1) Turbine Shaft 7-13-64 3rd set
2) Bearing Sleeve 7-13-64 3rd set
3) Jam Nut Revision 3 7-13-64 3rd set
4) Jam Nut 7-13-64 3rd set
5) Shaft Lock Nut 7-13-64 3rd set
6) Tie Bolt available 3rd set
7) Hydrodynamic Seal 7-31-64 3rd set
8) Water Brake Shaft available 3rd set
9) Steam Turbine Shaft available 3rd set
10) Bearing Housing out for manu- modified
facturing quotes design

The turbine disks orders as part of the previously procurred
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"second set of hardware' parts were delivered on May 27, 1964. These

were the longest delivery items in the second set of hardware.

In addition to the above components procurred as part ot the
formal turbine build-up, a number of specialized components are being
manufactured as necessary to solve the previously discussed oil leakage

problems (Chevron seals, bellville springs, etc,).
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IV, 3000 KW FACILITY

Turbine Test Preparations

During the early part of this quarter, a General Electric Company
sub-contractor completed all modifications and additions to the 3000 KW
facility that are necessary for potassium turbine testing. As in the past,
all new welds in liquid metal piping have been radiographed and helium

mass spectrometer leak checked. Repairs were made where necessary.

Particularly, the potassium turbine slinger seal loop was modified
to circulate liquid potassium instead of NaK. One reason for the change
from NaK to potassium in the turbine slinger seal resulted from observations
made during pretest of the same seal. At the time water was used as the
seal fluid. Water drops were observed to sporadically flow from the slinger
seal cavity into what would be the potassium test facility. It is believed
that Na from the NaK would dilute the potassium in the main loop, during
long time operation, to the extent that thermodynamic properties of the
potassium would be significantly altered. A second consideration which
influenced the switch to potassium was the greater capacity of potassium
to absorb oxygen contamination without causing plugging of the system.

A third consideration is that make-up potassium for the slinger seal loop
is easily obtainable from the main loop during operation of the facility.

Some piping was rearranged, and heating elements and thermal insulation
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was applied to the slinger seal loop to accomodate the potassium. Figure
39 shows the lower portion of the completed slinger seal loop. All heating

elements and thermocouples were checked for operation and calibration.

Lubrication systems for the potassium turbine, steam turbine,
and water brake were completely installed and checked for proper flow-
pressure characteristics. Basically, the potassium turbine lube system
can deliver 6 gpm at 200 psig. Normal requirement is 3.3 gpm at 80 psig.
Oil flowrate to each turbine bearing is monitored and controlled separately.
Flowrate measuring instrumentation was calibrated and was found to compare
with the calibration flowmeter within 2 1/2 percent. All pressure transmitters
and receiver gages for the potassium turbine lube syétem were calibrated.
Thermocouples were installed, and thermocouple readout instrumentation
was calibrated. Figure 40 shows the potassium turbine lube system com-

pletely installed.

The lube system for the steam starter turbine and water brake
was also checked for proper operation. This system is capable of
delivering 2 gpm at 80 psig. Normal requirements are 0.9 gpm at 50
psig. Although the steam turbine lube system is not as elaborate as the
potassium turbine lube system, oil flowrate to each bearing can be con-
trolled and measured independently. Oil pressure to each bearing is

measured. Oil temperature to and from each bearing is measured. This
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lube system is shown in Figure 41.

All facility control instrumentation had been installed and appropriately
calibrated early this quarter. Figures 42 and 43 show the control panels
exclusive of the Sanborn recorders which are also in the Control Room.

The digital recorder is in a building next door to the test facility.

The 8.0 inch vapor shut-off valve which had been disassembled for
repairs due to galling of the valve stem was completely rebuilt and checked
for non-leakage and operation. Stellite inserts were applied to the area
where galling had occurred. A new, slightly shorter, stem bellows was
installed in the rebuilt valve. The bellows assembly was leak checked

by the manufacturer and also by G. E. upon completion of assembly in

the facility,

The argon reclamation system was checked for proper compressor
operation and control valve action. It was found that additional oil vapor
separation was required. Therefore, two additional Type 13X Linde
Molecular sieves were installed in the argon reclamation system. Sub-
sequent running of the system has shown that oil vapor has been kept below
5 ppm. An oil vapor detector has been installed in the argon reclamation
system which has a calibrated sensitivity of 5 ppm. The detector is installed

on the discharge of the argon compressor (also the inlet to the test turbine),
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The detector is an American Instrument Company unit, Catalogue No. 47-16015.

During operation of the test turbine, an argon flowrate of 45 to 90
1b/hr has generally been circulated through the oil side of the test turbine
labyrinth seal. This argon is laden with oil vapor and/or mist as it leaves
the turbine, Separation of oil from the argon is accomplished by passing
the argon~o0il mixture through a number of demister type separators which
removes most of the oil mist. Essentially all oil mist is finally removed
by cooling the argon-o0il mist to below 0°F by flowing it through a liquid
nitrogen cooled vapor trap. However, minute quantities of oil does get.
blown through the nitrogen cooled trap. A molecular sieve was installed
to absorb this carry over of oil mist. The molecular sieves contain about
5 pounds of absorbent, and the absorbent can retain in the order of 1 1b of
oil before the concentration of oil in the discharge argon becomes excessive.
The present estimate is that the molecular sieves will be changed every

100 hours of operation.

During this reporting period, the turbine and all rotating equipment
was completely assembled for testing with potassium vapor. Figures 22
and 23 show the turbine assembly essentially ready to run. Figures 20
and 21 show the turbine fully installed in the glove box with thermal
insulation applied. Efflux demister capsules and efflux pressure sensing

lines are clearly seen in these figures. Lube lines and argon lines are
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shown in the rear view of the turbine.

Figures 44, 45, 46, 47 and 48 show the build-up sequence of the

potassium turbine, water brake and steam turbine in the 3000 KW facility.

Figure 49 is a view of the potassium turbine rotor showing the two stages

of buckets,

Turbine Check-Out Testing

Early in March, the potassium turbine, without the guide vane
casing and inlet bullet nase, was installed in the 3000 KW facility for
preliminary check-out of the turbine and for check-out of various facility
systems such as the steam control, water brake control, lube systems,

oil-argon separation, etc. No liquid metal was involved.

Preliminary running of the turbine revealed that additional oil
vapor-argon saparation was required, that the main condenser blower
transmitted 2 mil displacement vibration to the starter steam turbine,
and that all other facility systems worked well. Consequently, the con-
denser blower speed has been reduced from 960 rpm to 850 rpm with only
a 5 percent loss of air flowrate, Vibration was reduced to 0.5 mils. The
loss of air flow is significant to condenser operation. As indicated above,

two molecular sieves were installed for better oil vapor removal.

After the outer casing was welded to the turbine, the turbine was
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again installed in the glove box without actually being welded in place.

All loading and starter equipment was assembled, and the test turbine was
rotated up to 17, 000 rpm to make sure that weldings of the casing has not
caused damaging distortion of the turbine assembly. Upon completion of
this test, the turbine was welded into the facility with essentially no
measurable distortion. During the welding process, the turbine shaft

was turned by hand occasionally to make sure that internal parts were

not binding. New welds were inspected by radiographing and/or helium

mass spectrometer leak checking.

Following the above leak checking, the main loop and slinger seal
loop was hot flushed with potassium at 250 - 500°F. 100 hours of hot
trapping in the main loop dump tank followed. Oxygen concentration after

hot flushing was about 5 ppm and was about 25 ppm after hot trapping.

Following the hot trapping, it was attempted to run the potassium
turbine on potassium vapor. The initial test was to determine~tare losses
of thg turbine with the main loop pressure below 1/2 psia. This test was
conducted with the turbine slinger seal established and at a turbine speed up
to 17,000 rpm. The test was successful in determining tare losses of the
turbine. However, during this test a pressure differential between the
turbine oil sump and the main loop caused oil to migrate past a defective

shaft seal into the slinger seal loop. Coﬁsequently, oil mixed with the slinger
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seal potassium. On the following day when an attempt was made to restart
the slinger seal loop, the slinger seal E.M. pump would not function.
Ultimately, it was discovered that oil had actually mixed with potassium.
A black residue was found to be choking the E. M, pump. Most of the
slinger seal loop piping was also coated with the residue. The presence of
oil in the potassium was ultimately traced to a faulty shaft seal in the

potassium turbine.

Removal of the potassium-o0il compound from the slinger seal loop
required the disassembly of the loop and mechanical cleaning of the various
components and piping. Although several cleaning compounds have been
tried, no cleaning solution other than wire brushing has been found which
will satisfactorily remove the residue oil-potaasium compound. The slinger

seal loop has since been put back together and checked for proper operation.

During the attempts to start the slinger seal loop, following the tare
test, a small quantity of potassium was inadvertently transferred to the
lube o0il system. Consequently, the lube oil system also had to be drained
and cleaned. However, cleaning of this system was accomplished by
pumping several changes of fresh oil through 5 micron filters. The small
particles of potassium were collected on the filters. The oil system has

been completely cleaned and put back into proper operation condition.

The facility is on standby until a new shaft seal is installed in the turbine,
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V. MATERIALS SUPPORT

METALLURGICAL EVALUATION OF PRETEST BUCKETS

The U-700 stage 3 and 4 turbine buckets, which were exposed to
steam and compressed air turbine test conditions at a maximum tempera-
ture of 350°F, were examined both metallographically and by hardness
survey and were compared with unused buckets of the same manufactured
lot. No difference was found in hardness or microstructure between the
new and used buckets, These U-700 buckets were subjected to a grit
blasting effect from rust particles which were dislodged from the compressed
air lines during the pre-potassium tests. The rough surfaces of these
buckets can be seen in Figure 50 as compared with the as-machined finish

of unused buckets.

Both the stage 3 and the stage 4 buckets were electrolytically etched
and Zyglo inspected. Two of the stage 3 buckets were found to have cracks
in their leading edge located at dents which were caused by particle impact.
Each bucket used in pre-testing was then visually inspected and categorized
according to the dagree of surface pits and leading edge damage. The

following conclusions were drawn from this bucket inspection.

The turbine blade material {U-700) suffered no detrimental effects

as a result of the particle impacts and operating conditions encountered

-47-




during pre-testing, and therefore, all of the buckets are metallurgically
suitable for further use in potassium testing. None of the stage 4 buckets
suffered the particle impacting to which the stage 3 buckets were subjected
and accordingly the stage 4 blades are suitable for further use. Three of
the stage 3 buckets have been rejected because of cracks and/or heavy
dents in the leading edge, but these will be replaced with new blades which
were procurred as replacement parts when the entire group of blades was
purchased. All of these buckets used in pre-testing will be held in reserve

for use in the second endurance test,

CHEMICAL EVALUATION OF LUBE OIL

Subsequent to the leakage of oil into the potassium of the slinger seal
loop, an investigation was made of the oil used during test and three other
possible lubricants. The purpose of the test was to determine degree of

reaction of the oil with potassium as a function of temperature.

The lubricants examined were:
DTE-797: the mineral oil used in the April 13th test
LF~-4095: a high molecular weight polybutene
05-124: a high molecular weight polyphenyl ether

DuPont PR-143: a high molecular weight fluorocarbon polymer

All tests were made under argon in Pyrex apparatus with outgassed

oils. The following tables show the results:
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(1) DTE-797 (100 ml)

Temp. Remarks
oF Without Potassium With 0.1 gm of Potassium
260 Vaporizing
290 Potassium appeared to flake
375 Clear condensate
400 Beginning to darken
420 Cloudy due to precipitate
550 Black
700 Boiling - no appreciable
darkening
Rm. T. Carbonized product adheres

to walls
With 1 ml. of oil and 1 gm. of potassium a black solid was obtained when
heated. This material resembled the material obtained from the slinger

seal loop.

(2) LF-4095 (100 ml)

Temp. Remarks
oF Without Potassium With 0.1 gm of Potassium
200 Vaporizing
245 Clear condensate
250 ' Beginning to darken
370 Black
-49.




515 Boiling - no appreciable
darkening

Rm. T. Carbonized product stayed

dispersed in oil

With 1 ml. of oil and 1 gm. of potassium a black solid was obtained

on heating.

Less carbonized product as obtained with the LF-4095, but this is

probably due to the fact that a greater quantity of oil was distilled off

during heating.

The distillates from DTE-797 and LF-4095 were found to react

with potassium in the same way as the original oils.

(3) OS-124
Temp. Remarks
oF With 0.1 gm. of Potassium
320 Beginning to darken
525 Black
Rm. T. Black product adheres. to walls

With 1 ml. of oil and 1 gm. of potassium much more carbonize product

was obtained--more with 0OS-124 than with DTE-797 or LE-4095,

(4) DuPont PR-143
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Temp. Remarks
OoF With 0.1 gm. of Potassium
Rm. T. Potassium becomes gray
300 Potassium becoming black
450 Non-condensible fumes appeared
Rm. T. Liquid still water white

With 1 ml. of oil and 1 gm. of K,the potassium became gray at
room temperature, and as the temperature rose, a thick carbon deposit
formed on the potassium. At its melting point the potassium spread out
and reacted in a similar manner. At 300°F the reaction speeded up.
Sparking was seen and the heating was stopped at 370°F. The mixture then

exploded violently and the temperature rose to above 700°F,

Shown in figure 51 is a comparison of the specific gravities of
DTE-797, LF-4095, and potassium as a function of temperature. The
specific gravity of potassium is lower than DTE-797 at temperatures
below about 225°F and theoretically would float on the oil below this tem-

perature.

There appeared to be no reason to change from DTE-797 to one of
the other lubricants at this time. The LF-4095 might possible permit

easier cleanup, but this is not known with certainty.
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The black carbonaceous deposit which was removed from the
potassium loop contained no free potassium when delivered to the chemistry
laboratory. An alkaline cleaner which is commonly used to remove deposits
from engine parts was tried as a solvent up to 200°F, but it had no effect.
Trichloroethylene was also tried. It dissolved the tars and greases and
permitted dispersal of the black, particulate material which formed the

major part of the mixture,

One loop fitting which contained the carbonaceous deposit was heated
to 1000°F in an oxidizing atmosphere. The black deposit was not visible
after this treatment; however, a gritty deposit composed primarily of iron,
chromium, nickel and potassium remained. The nature of this deposit

has not yet been determined.

The 3000 kw loop dump tank was sampled for presence of hydrogen

with negative results., A carbon alaysis is in process.
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TABLE III_

AVERAGE VALUES OF
EFFECTIVE FLOW AREA FOR AIR

Effective Actual
Tap Area Area
Number (Sq. Inches) (Sq. Inches)
1 20.669 20.173
2 16.346 16.529
3 13.066 13.422
4 11.319 11.154
5 9.144 9.327
6 7.859 8.116
7 7.075 7.154
8 6.541 6.710
9 6.033 6.158
10 5.538 5.645
11 4,996 5.086
12 4.899 4,980
13 4,886 4,932
14 4,968 5,035
15 5.145 5.285
17 5.525 5.692
18 5.524 5.800
Throat Area...: . 4,884 4.906

-64-




. . . . . . . x BI8 ‘ n
EPOT" | LG°TE | 1BET" {22716 | OLST" [ VL 08 | S6ST" |€0°OE |686%° |¥o'cg [2812° {se’1z losze* |6é8°1z |csc1- |sz'zz {ocse |ev it 'ezeg: 96791 |E9LY° JL£°9T [¥EShH’ |6S°ST TR L oL

‘sanssaig

ﬁ . . ; . . : . . N P N P v1sd ‘9 duy
62ZS1 LL°%E | 89ET Zy°2Ze | 26bT 96°1€ 1 2¥9T" [0z 1c [6L8Y° |2v've |2e22” |21 22 |e9pe: Jco'2z [68c1” |ot'cz |[p18e’ {v0O'8BT [9L6% 60°LT |9LLY 66°9T |006% €1°91 ‘aansssag

. » . . . N d.ﬂmm \ﬂ Qdﬂ

14449 86°2€ | SSPT° | €9°2¢€ | 18E1 $2°2€ | 99€°1 | 2V"TI€ | 66LV" [B8°VT |TvOL’ |LP°ZZ [T8EE’ |80°cZ |89ST" [8v°'ez |zvom* [oe’8T 618 ' |60°LT |zeav' [e1'21 |cooc: wverot ‘aanssnug

B81sd ‘p dw,
SEPT" | T0°¥E | v651° | €9°€E | 986T" | 6Z°ec | €S10" |pS 2e |L2Lv |9s sz |e1ze: |ov'ez [zove' |os‘ez |Le91* [e1'vz |600%° l68° 81 TEVS® |[¥9°LT |EB8LF° |GO°LT lotxs® [S6°91 T v L

‘aanssaxg
; wpiy ‘g del
L8BET" | T9°PE | LETT" | 22°¥E | 2T9T" | 16°6€ | L60O" |91 €€ |8¥0°T jor"sz |z9ze" |og'cz |ooce" |t1°vz |eoet1” |ev-vz |otse: |etr-e61 |vero: |16-241 |wece: les'itv |sieer pz i~ ‘eansseig
wysgd ‘g dur
95ST" | SV PE | OLUT" f GO°vE | 998T" | 0B €L | 22TT" | 9T°€€ |L6€¥" {80°92 | 1011 |£5°e2 jLpee’ |1e'vz |1061° [v9'vz |zcoc’ |oz'e1 |1929° [86°L1 feves: |os-s1 |ze61s' [BZ 21 ‘oinsse. -
) wysd ‘1 dey
669T° | €6°VE | BLYIT" | BS'PE | 998" [ OE"PE | 980T | 6S°CE |P¥Op" |9€°92 |czva" |br'e2 |293e” |69°ve |2961° |c6've |zsce’ [Lb 6T |6vz9' |gz'81 [szos* |o1'81 |esev- |rg-it ‘orngBoLy
. . sdd ‘moig
PPI0° | LBOS™ | 8OTO" | £982° | S6T0° | 20GT™ | suoN | 2uoN | 6L00° |PL€Z° [0S00° |ese1' |op0o" [8180° | suon | ewoN [ic00° |z29z° |evoo° |92st’ |sv00" [6990° | euon | suoy Riwg Aexdg
sdd ‘mord :
1202° | 9E¥°Z | €016° | 00S°Z | 6220° | 9852 | £€€0° | 99%'2 | 6220° |e10'z [L6T0° [18L°1 |6210° |968'T |s010* |vve 1t jezroc |ers 1 [cotor |zco'1 |zozo* lees1 lsoto lezp 1 RIKT uTeN %
[]

J, ‘eangexaduay,

PSE'E | £°TCL | 92478 | 6°P2L | 60S T | £°8%. | 981°T {288y [229°c |1 veL jose'e |9 zeg [1evc L 126 |ss9'z [1°zz9 |tsv'e s 1% [eve 1 |2-sov 0L8°1 [P 6L¥ JOTT'T |¥'99¢ Wiy Aexds

4, ‘eanyersdusy

998°2 | €°GEL | S2¥°L | T°0OL | €8L°T 1 9°22L | 05L°% |S°29L |P96°% |1 1p8 |cco'L fe'c8p |zLe'z |eovs |zoc e le'oee [s00°gs Je-tew |ese 1 lo'ecy |otwz G°gey |S15°2 |9°6EP RIKA UTR

d, feanyviaduey,

LE0° 1 L8CY | 6146° €8CT | 9¥66° 28ST | 802°T | BLST |S¥O°% LIST j6S1°2 96%T [€L0°2 | ZOST |zZe0'1 9081 |166°¢€ €SVT |¥GS°P %P1 [SOL'S | LPPY {£69°2Z | EFFT 1e10L 30TUI

wisd ‘eanssaxd

9P81" | PE'GE | PZLT" | $0O°SE | OLST" | vL'PE [ 9860° |80°vE |Z.8¢° |66°92 {v88z' |v1°bz |S162' |ve'wz |1182° |ez ¢z {izep' |io'61 €18p° |€9°81 [o82F" |SE°8Y (630" |[S6°LY Tej05 187Ul
* * * * 4 * * * * * * * * JoIig a1qeqold
* . . . . * - * * * * * anTeA e3eraAy

% ‘S3yrend

g8 06 <6 66 o8 06 <6 66 a8 06 c6 66 TeuTmON

de .Ao.:_u sxodue]
08ST 00ST (11424 TeutmoN

SHOYHH T1EVEOUd ANV VIV WAISSVIOd LSAL TTZZON ONIDWIAAIA-ONIDHHANOD JO SANTVA AEAOVHIAV

Al TTEVL




. . . . . . - . . . . BTS ‘ Am
8L01 €0°91 | €960° | 8€°9T | 1211 €2°91 | 0291 86°ST |S192 9€°2T |2€9T" JIS'TT | 9121° [¥2°2T [63E€T" |8 2T [€8TE" |169°8 | 661G | SO1°'8 [890L" [TIE"8 |L662° |SP0O°6 | ¥ mwxwmmwww

. . . . . . . . . . . . ersd ‘L1 de
Z6TT' | 2€°9T| 8ETT" | 69°9T { 0TTZ" | 12°9T | 1682° |6L°9T |S80c° [2£°'2T |8261" |[31°1T1 |2eve” | 10°21 {oT8c” |80°¢c1 |8ce6v |z2e°8 |c61L” |895°2 |2629° [€92°L [898%° {0082 ﬁmmunwmmuw

. . . . - - . - . . . . . BIS, ‘ Q
€860 PE°ST] G1LO" | 0Z°ST | 2861 9G°¥T | L8SY TT°ST |L6L€ 60°0T [LTLT L15°8 | 6692° | 60S°8 | €891 [61S'8 {8€8y" [LTIS L ) ¥PO°T |2T1°L |6EPE" |¥22°9 |02FC" }608°S ¥ mwhmwmwww

. . . . . - . . . . BTS ‘ Qd
$681 0£°GST| 2880° | 99°PT | ¥EVT 66°€T | 20ET e €T |S83E ¥ 1T |T9%1° 1692°6 | 0¥3Z" | 00°OT {9PCT" |LS8°'6 |PP6E" |L62°8 [LG06° JLST'8 |1882° [26C°L {8L81" |286°9 ¥ mmhMmehw

e1sd ‘p1 de
PEPT | 99°9T| $E8O° | 80°9T | €83T"° [ 9£°CT | 98€T" |86°€T [9T18Z" |S0°2T |[282T° |99°0T | ¥862° |28 0T [SZTIT" }0£°0T [610" |$00°6 |60LL° |SL9°8 | 0992 |616°L {1SEC" |99¢°L * mwhﬂwmwhw

. . . . - -., - . . NW&-HQ
0eel SL'8T| L8¥%0" | LZ°8T | 6880 98°L1 160TT" J¥P LT |PEBT" JSO'VT |PS6E" |6L°21 [ZT10E€° j06°2T | L0281 |€£6°2T |98S8° |0E'O0T | L¥6E" | LPV8°6 |Z6GC" |6EP'6 |£ESE gLO'6 1 «maMmmw”W

. . - . . - - - . ﬂ..nmm ‘ .ﬁ Qg
0611 0L°0Z ) 12L0 1€°02 | 8001 6L°61 | 22€1 60°0T yP2TE" |8Z ST {PSPE’ |98°ET | S88Z° (60°FPT 10601 (L6°ET (8962 [LZ°IT | T16S° |£€6°0T |8€2e” |$E€ 0T | SL9Z" {T16°6 aqummwhm

v1sqd ‘11 de
€0ST" | ¥8°22 | €€S0° | 8E"22 | 8EOT" |96°13 | 6T |SE'T2 (LSPE" [L0°LT |660€° S ST |£122° [9L°GT {00PT" 198°ST |666Z2° J€9°CT {8P8E" ] 90°2T {£8pE" |29 TT |9062° |02 1T * thwwmwhw

-66-

ersd ‘o1 del
L6PT" | P2 L2 | 9090° [ 08°9% | PETIT" 8292 |8BET" |S2°S2 |i26€° |32°0zZ |18%v2° {2£°81 |€c2z° | T19°8T |€€eT” {2L 8T |0sSe” {26°PT [PELE” | 12°F%T1 |€COF" |6L°€CT |¥80€° T2 €T t wmhmwwwhm

ersd ‘6 dw,
¥SGT1° | L2762 | 2601° | L8°82 | 69V1" |€P 82 |6TPT" |SL°LZ |96SY° |66°12 |2S2Z° {98°61 [SCS0L" [82°02 (HIZT" }L9°0C |¥P8EE’ {12°91 |€L8S" 6V ST [6L9%° (9T1°ST [8¥9E" |9¥ ¥1 ﬂnwhzmmwh%

ersd ‘g de
9981° | LL"OC | 2V8O° | ¥E"OE | SPET" |L8°62 |9VST" |11°62 |66VF" |06°22 8182 (€8°0Z |L.¥2° [22°12 |¥2ET° |09'1Z (288" [16°9T (¥SOF' | TT°9T |OPPP‘ |LL°ST |80IE" |9Z°ST N ﬁ.Mk:mehW

* * * - * * * * * * * * * aoxag a1qvqoxd

aniep 23eraay

) % ‘AaTTEnd
] 06 S6 66 ] 06 g6 66 8 06 g6 66 TeuTmON

R . 4, ‘eanjeraduaj,
08¢1 008T : 0S¥I 1 aﬁsoi

(PONUTIUOD) - A FIAVL




samoy gT I933yy MH-oOH

+3
+6
-4
+5
+1
L
5
L

++ o+ + '+
BUTPTOM 1933V i\ o\ N -~ N N 1N
SUOTSUaMEd TBUTI| '+ + + + ++ '3 ++ '+
oreue g || ey b

SDTOM 1993V + *r o+
g vpue ‘L ‘g ¢ ot =+ Nt g
SPTOM 193 ++ '+ ++ '+ ++ o+

.- .vs Rm NN [4
SpTaM 193

+3
+L
-1
+4
+4
+4
-5
+3
3
2
3

3

Butpte
ButpTeM HOBL I0%

+2
*3
+h
+3
+3
+2
+1
+2
2
1
o
2

Dimensional Change, Inch x 103

9 yBnoaus |
SPTOM O8] I93.JV

*+5
*+5
+1
+4
+8
+3
+4
+6
+2

-6
+1

-10

TABLE V .
PRACTICE CASING, INTERNAL MEASUREMENTS
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TABLE VI

SUMMARY OF HYDRODYNAMIC SEAL TESTS IN AIR AND WATER

Pressure Water
, Pl P5,P6 P8 flow Speed
Item  psia psia psia ppm rpm Resistance of Figure

i 14,7 sealed sealed O 5000 Screw seal 33

2, sealed 14.7 sealed 0 5000 Oil labyrinth, 34
lube oulet pipes
and close-gap seal

3. sealed sealed 14.7 0 5000 Argon inlet manifold, 35
potassium labyrinth,
argon-potassium
outlet manifold

4. sealed sealed 14.7 8.5 5000 Argon-potassium 36
outlet manifold

5. sealed sealed 14.7 13.5 5000 Argon-potassium 37
outlet manifold

6. sealed sealed 14.7 16.2 5000 Argon-potassium 38
outlet manifold
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Note: All total pressure and total temperature sensors arranged in oqual

annuli,

Pressure

Temperature

STATION NQ. 1 - Upstream Liguid Injection

Inlet Calorimeter

STATION NO. 1 - Calorimster

[

Spray Nozzle

STATION ¥O. 2~ Liquid Injector

Pressure

“Exit iutigg_ Calorimeter

swmum. a-mwﬁ mn. 8-Calorimeter

Symbols:

Figure 3.

—— 8Static Tap

G—G—G— Multi-element Rake
(Stagnation)

Potassium Test Turbine Instrumentation Location
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Note: All total presgpure snd total tamparsture sensors urumd 1o equal
. area amnuli, ,

Pressure , . _Temperature

STATIONS NO. 4, 8, 6 - Upstream Rotor 1, Nosale 3,
. : ' o and rotor 3 rnpoctivoly

——

" STATION M0.. 7 - Upstream Outlet Guide Vane

Temperature

STATION NO. .8 - novin-‘ti-c.-' ‘Exit Scroll
atkadh

Symbols: =— Static Tap ' e-e—e-— Milti-element Rake

(Stagnation)

Figure 4. Potassium Test Turbine Insturmentation Location
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Flow, pps
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Figure 6a. C-D Nozzle Critical Flow Versus Inlet Total Pressure.
Inlet Quality, 99%.
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Flow, pps
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Figure 6b. C-D Nozzle Critical Flow Versus Inlet Total Pressure,
Inlet Quality, 95%.
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Flow, pps
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Figure 7a. Electromagnetic Flowmeter Flow Versus Inlet Total Pressure.

Inlet Quality, 99%.

..-80~

C




Flow, pps
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Figure 7b, Electromagnetic Flowmeter Flow Versus Inlet Total Pressure.
Inlet Quality, 95%.
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Flow, pps
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Figure 7c. Electromagnetic Flowmeter Flow Versus Inlet Total Pressure.
Inlet Quality, 90%.
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Flow, pps
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Figure 8a. Comparison of EMFM Flow and C-D Nozzle Critical Flow.

Inlet Quality, 99%.
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Figure 9a, Variation of Average Inlet to Throat Polytronlic Exnorent
With Static to Total Pressure Ratio
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Figure 12. Stator Assembly with Thermocouple Wells Installed.
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Figure 13.

Outlet Guide Vane-Casing Assembly with Welded Pressure Taps Installed.

-93-~




Casing Assembly with Welded Pressure Taps.

Figure 14.
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Figure 15.

Turbine Inlet Duct with Weld-Flange Blanks Attached.
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Figure 17. Internal Diameter Measurements On
Practice Weld Turbine Casing
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Turbine After Assembly

Figure 19.
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View Looking Aft of Turbine After Being Welded
Into The 3000 KW Facility
Gh G = G U m 0 O T S Em W - - .

Figure 20.
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Figure 21.

\

View Looking Forward of Turbine After Being
Welded Into The 3000 KW Facility
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Hydrodynamic
Seal Bearing
f Housing Oil Slinger

Turbine
Shaft Bearing Lock Nut

o UL !

N T

/ / - -—d——{

/ Metal "O'" Ring

Labyrinth Seal

a) Sketch of the Old "O" Ring Seal Assembly

Modified Bearing Sleeve

- /\J\,F

Stainless Steel Seal Ring }

b) Sketch of the New Seal Ring Assembly

Figure 30, Original and Modified Assembly of the Lube Oil Seal Ring
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POTASSIUM & ARGON
OUTLET MANIFOLD

LUBE OIL
OUTLET

ROTATING POTASSIUM )
CUP SEAL SUMP CAVITY

N2 A& |6

ARGON BUFFER
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—} 1 G286 |

\\ ARGON INLET
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Figure 32; Sketch of Turbine Seal Assembly
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Figure 39. Hydrodynamic Seal Loop.
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Figure 48
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Figure 49

Rotor Buckets.




Figure 50. Cold Flow Stage 3 Turbine Buckets Compared to Unused
Buckets to Show Surface Pitting and Other Damage,
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APPENDIX A

Symbols

throat area, ft'2

critical velocity of sound, fps
effective flow area, ft'2
constant defined by equation 22
turbine inlet to exit issentropic enthalpy drop, Btu/lb,,
actual turbine output work, Btu/lb .

corrected specific work parameter, Btu/lb__

enthalpy loss due to droplet drag, Btu/lb__

turbine first stage work, Btu/lb,

turbine second stage work, Btu/lb_

electromagnetic flow meter

gravitational constant, 32.174 ft/sec2

polytropic exponent determined from actual inlet conditions

polytropic exponent based on reference inlet conditions of
1600°F and 92 percent vapor quality

BMI saturated vapor polytropic exponent
corrected horsepower parameter, hp
station #1 enthalpy, Btu/lb .

Btu/lb

latent heat enthalpy based on Ptlavg, m

liquid enthalpy based on liquid injection temperature, Btu/lbm
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resulting mixture enthalpy after liquid injection, Btu/lb,,

ideal static enthalpy at first stage nozzle exit, Btu/lbrn

ideal static enthalpy at first stage rotor exit, Btu./lbm

ideal static enthalpy at second stage nozzle exit, Btu/lbm

turbine exit ideal static enthalpy, But/lbm

saturated liquid enthalpy based on Pt Btu/lbm

lavg,
total enthalpy entering second stage nozzle, B’cu/lbm
total enthalpy at turbine exit, Btu/lbm

conversion, 778.2 ft-1b/Btu

corrected kilowatt parameter, KW

turbine efficiency

corrected speed parameter, rpm

average polytropic exponent from inlet to throat

average polytropic exponent from inlet to throat to be
calculated from equation 29

average turbine speed, rpm

static pressure, psia

inlet total pressure, psia

average turbine inlet (station #1) total pressure, psia
static to total pressure ratio at tap 12

static to total pressure ratio at throat

static to total pressure ratio at tap 13
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output torque, in-lb

turbine first stage hub reaction

turbine second stage hub reaction

inlet total temperature, °R

overall average torque, in-lb

tare loss torque, in-lb

average water brake torque, in-lb
average starter turbine torque, in-lb
first stage rotor pitch line speed, fps
second vstage rotor pitch line speed, fps
turbine inlet total saturated specific volume, ft3/1bm
total nozzle flow, pps

corrected flow parameter, pps

spray liquid flowmeter flow, pps

turbine flow, pps

main flowmeter flow, pps

spray flow measured with spray EMFM, pps
critical vapor mass flow, pps

flow through inlet throttling calometer, pps
average main EMFM flow, pps

average spray EMFM flow, pps

turbine inlet quality after liquid injection
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X = turbine inlet vapor quality
X, = turbine second stage inlet vapor quality

y = residual formed by subtracting the given reading from
the average

z = number of readings
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